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1. A fluid machine comprisinc 

a housing defining an interior, the housing having a 
port in communication with tine interior of the housing; 

at least one primarv/vane disposed within the interior 
of the housing that rotates about a primary axis; 

at least one s4condary vane disposed within the 
interior of the h^iasing, the secondary vane pivotally 
oscillating betwee^ alt^rrj^f'ting open and closed positions 
with respect to /ihe^ pr^njary vane and defining a chamber 
within the hous/ng VaFiJ^yricir having a volume which varies as 

e is\$:otated about the primary axis; and 

for varying the point during rotation of 
the primar/ vane at which the secondary vane reaches the 
open and/ closed positions relative to the port so that 
communication of the port with the chamber is adjusted. 



the primary va 

an actuator 
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2. 



The fluid machine of claim 1, wherein the actuator 



the point 



vari€ 

which tK? 
positions so tf 
is varied. 



the r 



3. The fluidi machin^V of cl>aj.m 1,^ wherein the actuator 
varies the poiVit duj^ng\rotatioK'''''^^€if the primary vane at 
which the secoVdaj;;^ vane reaches tnfe^-^^open and closed 
positions so that the direction of fluid f through the 
machine is reversed while the direction of rotatfbq, of the 
primary vane remains substantially constant. 



rotation of the primary vane at 
me reaches the^ open and closed 
of fluid flow through the machine 



\ 
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4 The fluid machine of claim 1, wherein: 

\the actuator includes a control member that is adjusted 
relative to the housing to varying the point during rotation 
of the p^lrimary vane at which the secondary vane reaches the 
open and\^ closed positions so that the degree of 
communication^ of the port with the chamber is adjusted. 

\ 

5. The f luid\\achine of claim 4, wherein: 

the control Vember is a control plate which couples to 
the housing. 



The fluid machine 
the control membe 



c\aim 4, wherein: 
:ontrol lever. 



7 . The fluid machin 
ports formed in the ho 




wherein there are two 



8. The fluid machine^^of claifh, 1, wherein at least a 
substantial portion of the secondary vane is hollow. 



9. The fluid machine of claim 1, wherein the secondary 
vane is formed as two halves that are jod.ned together, and 
wherein at least one of the secondary \yane halves has 
recessed areas formed therein. 

10. The fluid machine of claim 1, wherein theNexterior of 
the housing is contoured to provide increased survface area 
to facilitate cooling of the machine. 



11- The fluid machine of claim 1, wherein the exterio^ of 
the * housing is provided with a plurality of outwarcMy 
projecting ribs. 
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12-\^The fluid machine of claim 1, wherein the fluid machine 
IS a ittQtor. 

13. The fl^id machine of claim 1, wherein the fluid machine 
is a fluid pur 



14. The fluid machine of claim 1, wherein the fluid machine 
is a fluid compressor. 



15, The fluid machine 
varies the point duri 
which the secondary ivane/ rea 
positions so that the r 



aim 



wherein the actuator 
of the primary vane at 
es the open and closed 
of fluid\flow through the machine 



is adjusted while the direction of rb<;^ation of the primary 
vane remains substantially constant . 



16- The fluid machine of claim 1, wherein: 

the actuator is adjustable to vary the low^ limit of 
the size of the volume of the chamber defined by thesorimary 
and secondary vane that is in communication with the pcN:t . 
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17. X^fluid machine comprising: 

a tkmsing defining an interior, the housing having a 
port in commmication with the interior of the housing; 

at least iQne primary vane disposed within the interior 
of the housing th^^ rotate^^^-aloout a primary axis; 

at least one \5eQ6nda/tly vane disposed within the 
interior of the housA^g/- 1/ |the secondary vane pivotally 
oscillating between altern^fking opep^ and closed positions 
with respect to the primarry xi^^e and defining a chamber 
within the housing inte^:ii6r having a volume which varies as 
the primary vane is rotated about th^vprimary axis; and 

an actuator that is adjustable to v^ary the lower limit 
of the size of the volume of the chamber opined by the 
primary and secondary vane that is in communrsation with the 
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A fluid machine comprising: 

a housing defining an interior, the housing having at 
least V:wo fluid ports in communication with the interior of 
the houssing; 

a p\imary vane disposed within the interior of the 
housing; 

a rotarV shaft having a primary axis that couples to 
the primary vXne and rotates the primary vane about the 
primary axis; 

a secondary v\ne mounjt^d within the housing for pivotal 
movement between op^ a^d closed positions with respect to 



dary vane pivoting about a 

he primary 
dividing the 
e volume of the- 
is moved between the 



the primary vane, t 
pivotal axis passing 1ih 
vane rotates, the primary"* 
interior of the housiijig int 
chambers varying as tftie seco^ 
open and closed positi 

a guide that cause^^_tXe secondary vane to move between 
the open and closed positions ah^ directs diametrically 
opposed points of the secondary v^e to rotate about a 
secondary vane rotational axis that in^s^rsects but which is 
angularly offset from the primary axis the primary vane 

is rotated, the primary axis and secondarj^ vane rotational 
axis defining a control plane; and 

wherein the guide can be adjusted to orieite the control 
plane in two or more positions so that communic^ion of the 
ports with the chambers is adjusted to thereby\ regulate 
fluid flow through the machine. 



19. The fluid machine of claim 18, wherein the ratOv of 
fluid flow through the machine is varied by adjusting t^e 
orientation of the control plane. 
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1 20. '^i^ fluid machine of claim 18, wherein the direction of 

2 fluid f low^>tirough the mach^ine is reversed by adjusting the 

3 orientation of ^Eis^ coryCrol \ plane while the direction of 

4 rotation of the primar^^5f^s;^ne /fcemains substantially constant. 



1 
2 

B 3 



21. The fluid machine ^f cl^im T>v^her^irfi the rate of fluid 
flow through the machine i s^^^-ad-giSst&d^ by adjusting the 
orientation of the control plane while th^ direction of 
rotation of the primary vane remains substant ially'^^Qonstant , 
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A fluid machine comprising: 

a housing defining a generally spherical interior, the 
housiVg having a fluid inlet and a fluid outlet in 
communiNqation with the interior of the housing; 

a Oximary vane disposed within the interior of the 
housing; 

a rotaVy shaft having a primary axis of rotation 
mounted to tnfe housing, the primary vane being coupled to 
the rotary shaf\ so that the primary vane is rotated about 
the primary axis by the rotary shaft; 



ext 



)tary sh 
about wh 
ig adXusta] 



iaft 



can\ 



nds into the interior of the 
t, the fixed shaft having a 
h the primary vane rotates, 
ly mounted to the^^housing so 
oriented in various fixed 



arried o^f the spherical end 
ed shaft/ th^ — axis of rotation of the 

blique angle in relation 



a fixed shaft \whic 
housing opposite the 
spherical end portio^ 
the fixed shaft be 
that the fixed s 
positions ; 

a carrier ri4g rotatabl 
portion of the f 

carrier ring being \orientegf at an 
to the primary axis; 

a secondary vane pivotally mount^ to the rotary shaft 
so that the secondary vane is pivo\al about an axis 
perpendicular to the primary axis to al\pw the secondary 
' vane to pivot between open and closed positiWis with respect 
to the primary vane as the primary and seconoary vanes are 
rotated together by the rotary shaft about the jy^imary axis, 
the primary and secondary vanes dividing the interior of the 
housing into chambers with the volume of the \hambers 
varying as the secondary vane is moved between the op'^n and 
closed positions, the secondary vane being pivotally coiJpled 
to the carrier ring so that the secondary vane is pivo^sal 
about an axis perpendicular to the carrier ring' s axis o 
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VTOtation, the rotation of the carrier ring causing the 
se<^ondary vane to reciprocate between the open and closed 
posiStions as the secondary vane is rotated about the primary 
axis D'^ the rotary shaft; and wherein 

th^ degree of communication of the inlet and outlet 



ports wit^ the chambers is adjusted by moving the fixed 
shaft to a different fixed position. 



t 1 
S 3 



23. The fluid\ machine of claim 22, wherein the rate of 
fluid flow througfh the machine is adjusted by varying the 
position of the fixed shaft. 
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24. The fluid machine\x2(x claim 22, wherein the direction of 
fluid flow through tl:^ \|[iachine|| cLs reversed by varying the 



position of the fixed shafst wh: 



le the direction of rotation 



of the rotary shaft /-emains Substantially constant 

25. The fluid machilne of claim|\^2, wherein: 

the fixed shafp is rotatabw mounted tp^ the housing; 
and further comprisii\g : 

a control leveiv coupJyed to \the fixed shaft for 
selectively rotating th^"^ — &ixed shaft ^o the various fixed 
positions • 



1 26. The fluid machine of claim 22, furth^ comprising a 

2 control member that couples to the fixe\i shaft for 

3 maintaining the fixed shaft at a selected fixed ^sition. 

1 27. The fluid machine of claim 22, wherein there \are two 

2 inlets and two outlets formed in the housing . 



1 28. The fluid machine of claim 22, wherein at least\ a 

2 substantial portion of the secondary vane is hollow. 
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The fluid machine of claim 22, wherein the secondary 
van^^ is formed as two halves that are joined together, and 
where\n at least one of the secondary vane halves has 
recesseX^ areas formed therein. 

30. The fl\id machine of claim 22, wherein the primary and 
secondary vane^ divide the interior of the housing into four 
chambers . 



31. The fluid machsine ell 
vane is pivotally moiJ^at^d to 
coupling the secondary/ ^>sane to 



im 22, wherein the secondary 
he rotary shaft by pivotally 
he primary vane. 



32. The fluid machi 
is moved to the va 
fixed shaft about an 



rfe of ciaiH 22, wherein the^ fixed shaft 
lous fi^yi positions by rotating the 
axis coaxiV^Nt with the^^rimary axis. 



33. The fluid machi 
the housing is contou 
to facilitate cooling o 



of claim 22,\wherein the exterior of 
ed to /provide \ncreased surface area 
machine . 



34. The fluid machine of claim 22, whereir\the exterior of 
the housing is provided with a plurality\of outwardly 
projecting ribs. 



35. The fluid machine of claim 22, wherein tlt^ fluid 
machine is a motor. 



36. The fluid machine of claim 22, wherein the flu\d 
machine is a fluid pump. 
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laim 22, wherein the fluid 




38. The fluid machii 
fluid flow through th\ 
position of the fixed 
rotated at a generally constant rate. 



ein the rate of 
posted by varying the 
shaft is 



DOCKET NO. WEATi^ '•'1371000 



ilNT APPLICATION 



1 
2 
3 
4 
5 
6 
7 
8 

Q 9 
|lO 

Oil 

Jf 13 

-3 14 

S 16 

S 17 
'"^ 18 
19 
20 
21 

1 
2 
3 
4 

1 
2 
3 

1 
2 



3^.. A method of regulating fluid flow in a fluid machine 
comf^rising : 

nroviding a housing of the machine that defines a 
housingXinterior , the housing having a port in communication 
with the \nterior of the housing through which fluid from a 
fluid sourcX is allowed to f low; 

providirSa at least one primary vane disposed within the 
interior of th\ housing that rotates about a primary axis; 

providing a\: least one secondary vane disposed within 
the interior of tn^^ housing; 

rotating the pisimaxy v^e about the primary axis with 
the secondary vane plAPtally oscillating between alternating 
open and closed pos/iticyi\s w^t^ respect to the primary vane 
defining a fluid yfchamber\ |jbr I containing fluid within the 



housing interior ttaving a ^; 
vane is rotated apout the p 

varying the 
the open and clo 
the degree of co' 
chamber defined by 



^lume that varies as the primary 
iry axis; and 

the secondai;;^ vane reaches 
.^ative to/the port so that 
le ^^rt with the fluid 
secondary vanes can be 




adjusted to vary the fluid flow througlrvthe port. 

40. The method of claim 39, wherein the Erection of fluid 
flow is reversed by varying the point at whi>s±i the secondary 
vane reaches the open and closed positions res3.ative to the 
port . 

41. The method of claim 40, wherein the dire6^:ion of 
rotation of the primary vane about the primary axis £^^maxns 
substantially constant . 

42. The method of claim 39, wherein the rate of flow of tl 
fluid through the device is changed by varying the point at 
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whi^ • the secondary vane reaches the open and closed 
position relative to the port. 



43. The methb^ of claim 42, wherein the rate of rotation of 
the primary van^ aboiyfef t^e primary axis is maintained 
substantially constc 




the fluid is a 



44. The method of 
compressible fluid . 



45. The method of claim 39, whereiriXfhe fluid is a non- 
compressible fluid . 
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46.\ A method of regulating fluid flow in a fluid machine 
compiS^sing : 

pj^oviding a housing of the machine having a hollow 
interiorX and having at least two fluid ports in 
communication with the housing interior, at least one of the 
ports connec\ed to a fluid source; 

rotating \^ primary vane within the interior of the 
housing about a primary axis; 

providing a \econdary vane that is mounted within the 
housing for pivotaJL movement between open and closed 
positions with respecs^ the\primary vane, the secondary 

vane pivoting about aY pivotal\ / axis passing through the 
primary vane as the ^irrb^ry varj]f^ rotates, the primary and 



be\w 



secondary vanes divijClinq tXie in 
chambers, with the /volume o't t 
secondary vane is 
positions ; 

guiding the se 
closed positions so 
secondary vane rotateXabout 
that intersects .but w 



erior of the housing into 
e chambers varying as the 
open ajfa closed 



vane /tc 



ametrica. 



love 



jecondarN 
is angular 



the open and 
^sed points on the 
vane rotational axis 
offset from the 



primary axis as the primary vane is ro-bated, the primary 
axis and secondary vane rotational axis defining a control 
plane; and 

adjusting the orientation of the control ^lane in two 
or more positions so that communication of the >ports with 
the chambers is adjusted to thereby regulate fi\iid flow 
through the machine. 



47, The method of claim 45, wherein the direction of fJNuid 
flow is reversed by adjusting the orientation of the contrc 
plane . 
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48v The method of claim 47, wherein the direction of 
rotation of the primary vane about the primary axis remains 
constan 

49. The meth'^ of claim 46, wherein the rate of flow of the 
fluid through ^iq^ deylce \is changed by adjusting the 
orientation of the cisu?n:rol p.l^rie, 



50. The method of 




wherein the rate of rotation of 
primary axis is maintained 



in the fluid 



the primary vane 
substantially constant 

51. The method of 
compressible fluid 



52. The method of claim 46, wherein the flins^ is a non- 
compressible f luid- 
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53-^^ A method of regulating fluid flow in a fluid machine 
com'J;^rising : 

providing a housing of the machine having a spherical 
hollow \nterior and having first and second fluid ports that 
are spaded apart from each other to provide fluid 
communicatiWi between the exterior of the housing and the 
interior, at\ least one of the first and second ports 
connected to a Xluid source; 

providing a \primary v^n^ disposed within the housing, 
the primary vane be\ng EX)tatabl\e about a primary axis; 



shaft »t 



pat extends into the housing 



ng a spherical end portion 
about which the primary vane 
shaft ^eijr\g adjustably mounted to the 
fixed shaNl 



providing a fix6^ sna 
interior, the fixed/ sPv^ft h^' 
disposed within the/ ±nte^c^lor 
rotates, the fixed 
housing so that the 
fixed positions; 

providing a carrier ripg \rx^tatably ^^^KTounted on the 
spherical end portion\of the^ f ixed\^ sTT^^TE', the carrier ring 
rotating about a carrier ring axis \hat is oriented at an 
oblique angle with respect to the primatry axis; 

providing a secondary vane that is pivotally mounted to 
the primary vane so that the secondary vanev is pivotal about 
an axis perpendicular to the primary axisv to allow the 
secondary vane to pivot between open and closed positions 
with respect the primary vane as the primary an^^ secondary 
vane are rotated together about the primary ^is, the 
primary and secondary vanes dividing the interior \of the 
housing into chambers, the secondary vane being pivc^tally 
coupled to the carrier ring so that the secondary vaneXis 
pivotal about an axis perpendicular to the carrier ri 
axis; 
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rotating the primary and secondary vane about the 
primary axis while the fixed shaft is in a first fixed 
posit\pn, the rotation of the secondary vane about the 
primaryVaxis causing the carrier ring to rotate about the 
carrier ^1^9 axis and thus cause the secondary vane to 
reciprocated between the open and closed positions as the 
primary and Secondary vane are rotated about the primary 
axis, the priniiary and secondary vanes defining an inlet 
chamber as the secondary vane is reciprocated to the open 



position so that 
first port while the\^irst ppr 
inlet chamber, and 
define a discharge cn^mbe 



3 close 
through t^ 
ation wit, 



reciprocated to th 
discharge chamber 
port is in communi 

moving the f ix^d shaft /to 
degree of communicat 
the inlet and discharge ^ 



the inlet chamber through the 
is in communication with the 
primary and secondary vanes 
as the secondary vane is 
jj>|psition so that fluid exits the 
second port wt>ile the second 
the discharq^ chamber; and 

secorxei position so that the 
rst and second ports with 
ambers dOsfined by the primary and 



secondary vanes as the primary an<^ secondary vanes are 
rotated about the primary axis is chang^ed to vary the fluid 
flow through the machine. 



54. The method of claim 53, wherein the diisection of fluid 
flow is reversed when the fixed shaft is moved\to the second 
position, the first port communicating with tP^ discharge 
chamber and the second port communicating with \the inlet 
chamber when the fixed shaft is in the second positrton. 



55. The method of claim 54, wherein the directio: 
rotation of the primary and secondary vanes about 
primary axis remains substantially constant. 



of 
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1 56. method of claim 53, wherein the rate of flow of the 

2 fluid though the device is changed when the fixed shaft is 

3 moved to th^second position. 



1 

2 
3 

I 2 
^ 3 
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57. The method claim 
the primary and seed 
maintained substantia 



/ 



herein the rate of rotation of 
y vaneJf about the primary axis is 
nt . 



cor 



58. The method of claim 5 



with the fixed shaftt to fai 

fixed p®; 



wherein a lever is provided 
■ate rotating^ of the fixed 



shaft to the second f: 



p®s>itions> 



59. The method of claim 53, wherein a\control member is 
provided with the fixed shaft, the control\member mounting 
to the housing and engaging the fixed shaft\so that the 
fixed shaft is maintained in the desired fixed pd^ition. 
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1 60. \ A race assembly of a spherical fluid machine for 

2 causihg a reciprocating vane of the fluid machine to 

3 oscillat^vback and forth while rotating about a primary axis 

4 within a ho^^ing of the fluid machine, the race assembly 

5 comprising: 

6 a carrier rihg shaft/xhan mounts within the housing of 

7 the fluid machine; / u 

8 a carrier ring f o'rN^ouplipg to the reciprocating vane, 
p 9 the carrier ring ronatabrv mounting to the carrier ring 

10 shaft so that the carrier riMor rotates about a ^s'econd axis 

p 11 that is at an oblique angle \wr%h respect >to the primary 

12 axis ; \ / ^" Ov — ^ 

13 a first shaft end pojvcion that is^^oined to one end of 
B 14 the carrier ring shaft; and >^ 

y] 15 a second shaft end portion that mounts tb^ the other end 

y 16 of the carrier ring shaft and is secured theretoSby at least 

p 17 two removable fasteners that are eccentrically loc^sted with 

^ 18 respect to the second axis. 
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61. \A vane for a rotary vane fluid machine comprising: 

a X^ri^ member wherein at least a substantial portion of 
the vane member is hollow so that the weight of the vane is 
reduced . 



62. The vane of c 
the vane is 
together, and where 
recessed area forme 



^rein : 

two halves that are joined 
>t one of the vane halves has a 



63. A housing for 

a housing bod 
contoured to provide 
transfer . 




chine, comprising : 
tX^ior surface that is 
surtSkce area for heat 



64. A housing for a rotary vane fluid machine, cr>smprisxng 

outward 

projecting ribs formed on the exterior of the housing'^ody . 



